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Very Long Baseline Atom Interferometry (VLBAI) corresponds to ground-
based atomic matter-wave interferometry on large scales in space and time,
letting the atomic wave functions interfere after free evolution times of several
seconds or wave packet separation at the scale of meters. As inertial sensors,
e.g., accelerometers, these devices take advantage of the quadratic scaling of the
leading order phase shift with the free evolution time to enhance their sensitiv-
ity, giving rise to compelling experiments. With shot noise-limited instabilities
better than 1× 10−9 m/s2 at 1 s at the horizon, VLBAI may compete with
state-of-the-art superconducting gravimeters, while providing absolute instead
of relative measurements. When operated with several atomic states, isotopes,
or species simultaneously, tests of the universality of free fall at a level of parts
in 1013 and beyond are in reach. Finally, the large spatial extent of the inter-
ferometer allows one to probe the limits of coherence at macroscopic scales as
well as the interplay of quantum mechanics and gravity. We report on the sta-
tus of the VLBAI facility, its key features, and future prospects in fundamental
science.
1. Introduction
Nearly half a century after the seminal observation of gravity-induced
phase shifts on matter waves,1 coherent control in atom interferometers
is now a standard technique used around the world to perform inertial
measurements2, determine fundamental constants,3,4 and to test the laws
of fundamental physics.5 At a given phase noise the intrinsic sensitivity of
an atom accelerometer in the common Mach-Zehnder-type configuration6
scales with the leading order phase shift,
∆φ = ~keff · ~aT
2 (1)
where ~~keff is the momentum transferred during atom-light interaction, ~a is
the acting acceleration, and 2T is the wave packets’ free evolution time. One
can therefore increase the scale factor of the instrument keffT
2 by exploiting
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its linear scaling in atomic recoil ~keff but also the quadratic dependency
on the free evolution time T . To that end, besides initiatives for opera-
tion in microgravity,7–9 increasing the free fall distance of ground-based
devices towards long free fall tubes is a path pursued by groups around the
world.10,11 Indeed, combined with an exquisite control over external fields
and other deteriorating effects, extending the baseline of gravimeters from
tens of centimeters to several meters opens the way for competition with
state of the art superconducting gravimeters or quantum tests of the uni-
versality of free fall (UFF) at an unprecedented level,12 competitive with
those achieved by the best classical methods.13–15 In these proceedings we
report on the status and key features of the Very Long Baseline Atom In-
terferometry (VLBAI) facility implemented in the Hannover Institute of
Technology (HITec) of Leibniz Universita¨t Hannover.
2. The VLBAI facility
2.1. Design
The VLBAI facility in Hannover is currently in its final stage of construction
and consists of three main components:
(1) At the heart of the device is a 10m long, vertically oriented ultra-
high vacuum tube with a 10 cm diameter in clearance for the atom
optics light fields. In order to shield the experiment from magnetic
stray fields mimicking inertial forces, the tube is enclosed in a high-
performance dual layer magnetic shield reducing magnetic field gradi-
ents below 10 nT/m. Additionally, the full baseline is equipped with a
network of temperature probes for detecting and subsequently correct-
ing errors due to temperature gradients.16
(2) Both ends of the vacuum tube will be equipped with dual-species
sourcesa providing the operator with (near-)quantum degenerate en-
sembles of stable bosonic and fermionic ytterbium isotopes as well as
87Rb.12 Making use of hybrid magnetic and optical trapping techniques
as well as delta-kick collimation,17 we anticipate an atom flux on the
order of 106 at/s with temperatures in the picokelvin regime.18
(3) For absolute measurements, we will utilize a seismic attenuation sys-
tem (SAS) to suspend a retro reflection mirror that serves as the atom
interferometer’s inertial reference. Based on geometric anti-springs,19
aAs such, the facility can be operated either in drop mode (2T = 0.8 s) or with atoms
being launched (2 T = 2.8 s).
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our SAS features a passive resonance frequency of hundreds of milli-
hertz and provides means of 6-degrees-of-freedom active stabilization
via electromagnetic actuation using the signals of on-board broadband
seismometers as well as novel opto-mechanical devices.20
The VLBAI facility aims to use rubidium, which is well-established as a
standard choice for inertial sensors using readily available source and laser
technology, as well as the heavy lanthanide ytterbium which offers its own
benefits. Indeed, as an effective two-electron system it has broad lines to
apply strong cooling forces, as well as narrow intercombination transitions
with a low Doppler-limit. Furthermore, the bosonic isotopes all share the
property of having a vanishing first order magnetic susceptibility, mak-
ing systematic effects and environmental decoherence mechanisms easier
to control. Finally, the internal composition of our species offers enhanced
sensitivity when searching for new physics beyond the standard model.21,22
2.2. Performance estimation
With the SAS and the magnetic shield tackling the dominant external noise
sources, we expect an improvement in absolute gravimetry beyond the state
of the art. The performance of the device will however ultimately be limited
by quantum projection, i.e., shot noise. In a simple drop configuration
with 2× 105 at per cycle, 3 s preparation time, and a free evolution time
2T = 800ms, the shot noise-limited sensitivity of the VLBAI facility is
1.7 nm s−2 at 1 s. In a more advanced configuration, launching 1× 106 at
per cycle to reach a free evolution time of 2T = 2.8 s and using 4-photon
atom optics yields a shot noise-limited acceleration sensitivity of 40 pm s−2
at 1 s. For a gradiometric configuration3,23 with a baseline L = 5m between
the two atom interferometers with 1× 105 at per cycle, 3 s preparation time,
and 2T = 800ms, the shot noise-limited sensitivity is 5× 10−10 s−1 at 1 s.
A simultaneous comparison measurement with 87Rb and 170Yb has the
perspective for testing the UFF12 by determining the Eo¨tvo¨s ratio between
the two species to better than one part in 1013.
2.3. Fundamental physics
Beyond these metrological goals, the apparatus will also serve as a test bed
for interferometry with very large scale factors as necessary for gravitational
wave detection23 and is intrinsically sensitive to fundamental decoherence
mechanisms24 and limitations of the quantum superposition principle.25
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3. Conclusion & Outlook
The VLBAI facility will enable highly sensitive absolute gravimetry and
tests of the Universality of Free Fall. It therefore offers a world-wide unique
environment, both for cutting edge inertial sensing and to test our under-
standing of General Relativity, quantum mechanics and their interplay,
possibly leading to a future reconciliation of the two.12
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